became constant after a number of subcultures in an apparently favorable medium. It is the purpose of this paper to give a description of the materials and methods used and to present the growth rates of a group of strains maintained by passage through mice. The influence of streptococcal extracts on the growth rates of hemolytic streptococci also was investigated and the results are included in this paper. Relatively few studies concerning the growth rates of hemolytic streptococci have been reported. Mason (1935) calculated generation times for streptococci from a few growth curves which he obtained from the literature. Foster (1921) , working with a single strain of hemolytic streptococcus, graphically indicated the change of pH in a standard broth medium during the growth of the organism. Beckwith and Rose (1925) observed that a strain of hemolytic streptococcus, which had been maintained by pleural passage in rabbits and was extremely virulent for these animals, proliferated more rapidly in infusion broth than a strain of the organism which had been maintained in artificial media and had become attenuated. Blundell (1942) suggested that an extract of the washings of a group A streptococcus may act as a growth factor in increasing the virulence of this bacterium for mice.
METHODS AND MATERIALS
Strains employed. The strains of hemolytic streptococci used in this study were stored in the lyophilized condition after repeated passage through mice. Just before use, they were again passed through mice and were then held in blood broth at 7 to 10 C for not more than one week while being studied. To prepare the broth, the beef heart was added to the water and infused at 50 C for 1 hour. The mixture was heated at 80 C for 10 minutes, after which it was filtered through a layer of cheesecloth and then through coarse filter paper. The neopeptone and Na2HPO4 were dissolved in the filtrate, and sufficient 1 N NaOH was added to bring the pH to slightly over 8.0. The mixture was boiled for 15 minutes, filtered through paper, and cooled to room temperature. Sufficient distilled water then was added to bring the volume to 1,000 ml, and the pH was adjusted to 7.6. The broth was autoclaved for 20 minutes at 15-pounds, pressure; the final pH was 7.4 to 7.6. This broth supported a scanty growth of the streptococci used in this study.
Sterile horse plasma and sterile glucose were added to the broth immediately prior to inoculation. Enriched with 5.0 per cent plasma or 0.25 to 1.0 per cent glucose, or both, the broth supported a luxuriant growth of the hemolytic streptococci. (Edwards, 1932) .
Determination of growth rates. The photoelectric colorimeter described by Evelyn (1936) was used for measuring the growth. A light filter with a transmission maximum at 660 m,u was used throughout the studies.
In order to obtain the growth curves from which growth rates were calculated, 0.5 ml of a 12-hour broth culture were transferred to an Evelyn tube containing 20.0 ml of broth. The tube was thoroughly shaken and a galvanometer reading taken immediately. Uninoculated broth was used as a control for light transmission. The inoculated tube was placed in a constant temperature water bath at 37 C, and galvanometer readings were made every half hour until maximum turbidity was reached. The galvanometer readings were converted to photometric densities and the latter then were plotted against time on semilogarithmic graph paper. Curves similar to bacterial growth curves were obtained by this method; these are illustrated in figure 1. It was found that photometric densities bore a linear relation- [VOL. 53 ship to the number of organisms in suspension. Growth rates, representing the time in which a twofold increase in turbidity took place, were calculated from the straight line portion of the curve by means of the following formula: g= tlog2 logb -logB where, g = growth rate t = time b = density at the top of the straight line portion of the curve B = density at the bottom of the straight line portion of the curve.
.4000 Preparation of streptococcal extracts. Two or three loopfuls of a blood broth stock culture were transferred to 6.0 ml of the plasma glucose broth and incubated for 12 hours at 37 C. A 2.5 per cent inoculum of this culture was introduced into glucose broth and incubated at 37 C either for 3 hours (encapsulated organisms) or 15 hours (unencapsulated organisms).
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After incubation, cultures were centrifuged, the supernatant broth was discarded and the sedimented organisms were washed with sterile double-distilled water. The suspensions were again centrifuged, the supernatants discarded, and the sedimented organisms resuspended in sterile double-distilled water in the proportion of 12.0 ml of water for every 100 ml of original broth culture. These suspensions were incubated for 3 hours at 37 C and then centrifuged. The supernatant, after filtration through a Berkefeld N candle filter, contained the sterile extracts used in this study.
Cultures were examined for capsules by means of the India ink method of Butt, Boynge, and Joyce (1936) before, during, and after the extraction process. Capsules disappeared during extraction for 3 hours with distilled water. The extracts had no observable toxic effects when injected intraperitoneally into mice in, amounts up to 1.0 ml.
Testing of streptococcal extracts. Inocula of the strains to be tested were prepared by transferring several loopfuls of a blood broth stock culture to 6.0 ml of plasma neopeptone broth. After 12 hours of incubation at 37 C, 0.5-ml amounts of the culture were transferred to an Evelyn tube containing 19.5 ml of plasma neopeptone broth plus 0.5 ml of extract and also to a similar tube containing 20.0 ml of broth only. Growth curves were prepared and growth rates calculated from photometric density data as described above.
RESULTS
Growth rates before and after repeated subculture. The growth rates of five different types of group A hemolytic streptococci were compared in plasma glucose broth before and after 23 daily subcultures in neopeptone broth. Only one of these strains (Griffith NE73T) was highly virulent for mice. All the growth rates are recorded in table 2.
The growth rates of the five strains before subculture ranged from 54 minutes for the Griffith-Symons strain to 69 minutes for the highly virulent Griffith NE73T strain. After 23 daily subcultures in neopeptone broth all strains showed an increase in growth rate in plasma glucose broth. The largest increase in rate of growth (20 minutes) was shown by the virulent Griffith NE73T strain, [VOL. 53 whereas the smallest increase (2 minutes) was exhibited by the Griffith-Symons strain.
Effect of streptococcal extracts on growth rates. Extracts were prepared of both encapsulated and unencapsulated cultures of the O.S.U. group C parent strain. The effect of these extracts on the growth rates of both the O.S.U. group C and the Griffith NE73T group A parent strains was determined. The results are listed in table 3. The growth rates of both strains were markedly increased by the extracts. The effect probably was not due to capsular material, however, since the extract prepared from unencapsulated organisms produced a greater increase in the growth rates of both strains than did the extract prepared from encapsulated organisms. The former extract seemed to show some specificity of action, as it increased the growth rate of its homologous O.S.U. group C strain to a greater extent than that of the Griffith NE73T strain.
Since repeated subculture of hemolytic streptococci in neopeptone broth resulted in an increased growth in a favorable medium, it was decided to determine whether subculture also affected the streptococcal extracts. Therefore, extracts were prepared from the O.S.U. group C strain before and after 23 daily subcultures and from the Griffith NE73T strain before and after 54 daily subcultures in neopeptone broth. These extracts were prepared from unencapsulated organisms, i.e., cultures incubated at 37 C for 15 hours. The effect of each extract on the growth rates of both strains, before and after subculture, was studied. The results are recorded in table 4.
In 5 per cent plasma neopeptone broth the O.S.U. group C and Griffith NE73T strains showed an acceleration of growth rate after repeated daily subculturing in neopeptone broth. With one exception, extracts prepared from parent cultures markedly increased the growth rates of parent cultures; the growth rates of the subcultured streptococci were either unaffected or decreased. Extracts prepared from subcultured bacteria increased, with one exception, the growth rates of the subcultured organisms, but the growth rates of parent cultures were either slightly increased or decelerated.
DISCUSSION
The growth rates in an apparently favorable medium of five group A strains of hemolytic streptococci of different types varied from 54 to 69 minutes. All five strains were adapted to mice and were variably virulent for these animals. The strain showing the highest virulence for mice had the slowest growth rate.
After 23 daily subcultures in a poor medium each of the five strains showed an acceleration of growth rate in a favorable medium. The acceleration ranged from 2 minutes to 20 minutes. The strain showing the highest virulence for mice showed the largest increase in growth rate and the fastest final rate. It seems probable that this virulent strain was not able to adapt itself quickly to growth in artificial media but after subculture it became more efficiently adapted than the other less virulent strains. It should be noted that these results do not agree with those reported by Beckwith and Rose (1925) .
That hemolytic streptococci possess physiologically active materials is supported by the observation that crude water extracts, prepared either from encapsulated or unencapsulated organisms and added to suitable media, accelerated the growth rates of the organisms from which they were prepared. The acceleration effect of these extracts was not entirely specific; an extract prepared from a group C streptococcus accelerated the growth rate of a group A streptococcus and vice versa. On the other hand, extracts prepared from parent cultures markedly accelerated the growth rates of parent cultures but either had little effect on or markedly decelerated the growth rates of subcultures of the same or different strains. Similarly, extracts prepared from subcultures markedly accelerated the growth rates of subcultures but either had little or a marked inhibitory effect on the growth rates of parent strains. The effects of the extracts were apparently not related either to the serological group of the streptococci studied or to the presence of capsules. It appeared that the effects were related to the physiological state of the cultures from which the extracts were GROWTH RATJpS OF HEMOLYTIC STREPTOCOCCI prepared. Apparently, as the streptococci were subcultured, the physiologically active materials changed in character in a manner to aid the growth of the streptococci during the adaptation process.
It is possible that purification and concentration of the streptococcal extracts used in this study would result in greater and more specific acceleration and deceleration effects on the growth rates of hemolytic streptococci. Study of the antigenic and chemical composition of these extracts, as well as their effect on the virulence of hemolytic streptococci, is indicated.
SUMMARY
The growth rates, as measured by the time required for doubling the photometric density in a highly favorable medium, of five group A hemolytic streptococci, adapted to mice, ranged from 54 to 69 minutes. After 23 subcultures in a poor medium each of the five strains showed an increased growth rate in a favorable medium. The acceleration ranged from 2 to 20 minutes.
Streptococcal extracts were prepared which accelerated the growth rates of homologous, as well as heterologous, strains. In general, extracts prepared from parent cultures markedly accelerated the growth rates of parent cultures, whereas extracts prepared from subcultures markedly accelerated the growth rates of subcultures.
